In this paper a numerical algorithm for solving 'fuzzy ordinary differential equations' is considered. A scheme based on the two step method in detail is discussed. The algorithm is illustrated by solving fuzzy Cauchy problem.
Introduction
The concept of fuzzy derivative was first introduced by S.L. Chang, L.A. Zadeh in [3] it was followed up by D.Dubois, H. Prade in [4] , who defined and used the extension principle. The fuzzy differential equation and the fuzzy initial value problem were regularly treated by O. Kaleva in [5, 6] and by S. Seikkala in [7] ,. . . . The numerical method for solving fuzzy differential equations is introduced in [1, 2, 8] by the standard Euler method. This paper organize as follows: In section 2, we being some basic definitions and results which will be used later. In section 3 we define the problem, this is a fuzzy Cauchy problem whose numerical solution is the main interest of this work. The numerically solving fuzzy differential equation by two step Method is discussed in this section. The proposed algorithm is illustrated by solving an example in section 4 and conclusions are drawn in section 5. Adams-Bashforth two-step method is as follows
Preliminaries

notation and definition
where i = 1, 2, . . . , N − 1. Let E be the set of all upper semicontinuous normal convex fuzzy numbers with bounded α-level intervals. It means that if v ∈ E then the α-level set
is a closed bounded interval which is denoted by
Let I be a real interval. A mapping y : I → E is called a fuzzy process and its α−level set is denoted by
The triangular fuzzy numbers are those fuzzy sets in E which are characterized by an ordered triple (
for any α ∈ I .
Definition 2.2 The supremum metric
α for all α ∈ I. In view of the definition of the metric d ∞ , all the level set mappings [F (.)] α are Hukuhara differentiable at t 0 with Hukuhara derivatives [F (t 0 )] α for each α ∈ I when F : T −→ E n is Hukuhara differentiable at t 0 with Hukuhara derivative F (t 0 ).
Definition 2.4 The fuzzy integral
provided that the Lebesgue integrals on the right exist.
Remark 2.1 If F : T −→ E n is Hukuhara differentiable and its Hukuhara derivative F is integrable over [0, 1] , then
F (t) = F (t 0 ) + t t 0 F (s)ds for all 0 ≤ t 0 ≤ t ≤ 1.
Interpolation for fuzzy number
The interpolation polynomial can be written level setwise as
When the data u i presents as triangular fuzzy numbers, value of the interpolation polynomial are also triangular fuzzy numbers. Then f (t) has particularly simple form that is well suited to computation. Denote by i (t), i = 1, 2, . . . , n, the polynomials
. . , n be the observed data and suppose that each of the
proof. see [12] 3 A fuzzy Cauchy problem
Consider a first order fuzzy differential equation by y = f (t, y) where y is a fuzzy function of t, f (t, y) is a fuzzy function of the crisp variable t and the fuzzy variable y, and y is the fuzzy Hukuhara derivative of y. If an initial value y(a) = α 0 is given, we obtain a fuzzy cauchy problem of first order:
Sufficient conditions for the existence of a unique solution to Eq.(3.3) are that f is continuous and that Lipschitz condition
is fulfilled.
Two Step Method
For solve fuzzy initial value problem y (t) = f (t, y(t)) by two step method, let the fuzzy initial value be y(t i ), y(t i−1 ) , i.e
are defined. Which are triangular fuzzy numbers and we show them with :
By remark (2.1) we have :
Because y(t) is unknown, we use fuzzy interpolation on fuzzy numbers
, hence by theorem (2.1) we obtain :
for t i ≤ t ≤ t i+1 we have :
By using (2.2) and (3.4) we have :
If we situate (3.5), (3.6) in (3.8) and (3.6), (3.7) in (3.9) we will have :
By integration we have :
thus:
By (3.10) and (3.11) we have :
To integrate the system given Eq.(3.12) from t 0 a prefixed T > t 0 , we replace the interval [t 0 , T ] by a set of discrete equally spaced grid points t 0 < t 1 < t 2 < . .
. < t N = T at which the exact solution [Y (t, α), Y (t, α)] is approximated by some [y(t, α), y(t, α)]. The exact and approximate solutions at
respectively. The grid points at which the solution is calculated are
from Eq.(3.12), the polygon curves
are the two step approximates to Y (t, α) and Y (t, α) respectively over the interval t 0 ≤ t ≤ t N . The following lemma will be applied to show convergence of these approximates, i.e., 
for some given positive constants A and B ,C. then
where β s , γ t , δ m , ζ l , λ p , are constants for all s, t, m, l and p.
The proof, using mathematical induction is straightforward. Proof. As in ordinary differential equation, it is sufficient to show :
By using exact value we get :
where |u n | = |w n | + |v n | . By lemma (3.1) and w 0 = v 0 = 0 we obtain : The exact solution at t = 1 is given by
Using the two step method with N = 10 we obtain 
Conclusion
We note that the convergence order of the Euler method in [8] is O(h). It is shown that in proposed method, the convergence order is O(h 2 ) .
